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Intravenous Infusion Techniques
It is now 134 years since Dr Thomas Latta of Leith reported to the Central Board of Health in London on his remarkable results in the treatment of cholera by the intermittent injection of saline solution into the veins.
Infusion apparatus: The vital step in the evolution of continuous intravenous infusions was the invention of the drip bulb by R D Laurie in 1909, when he was a newly qualified house physician at Winchester. Until 1939 each hospital maintained its own home-made giving sets. Free use of intravenous infusions then became easier with the nation-wide distribution of the Medical Research Council set (Vaughan 1939 ) and this held the field for nearly twenty years. In 1956 the Blood Transfusion Committee of the Medical Research Council set out to examine the feasibility of a disposable plastic giving set: the result was the Capon Heaton set in use today (Medical Research Council Subcommittee Report 1957). The basic design, evolved in 1956 and 1957, has continued more or less unchanged and has stood the test of time as a reliable piece of equipment. In particular, the combined piercing needle and air inlet has not been improved on by other makers. The good qualities of this set are not diminished by the fact that it sells at half the price of most of its rivals. Needles and cannulk: When the Capon Heaton set was introduced it was supplied with a needle for venepuncture so that it would be instantly ready to give blood or plasma. Even then many preferred to use a non-disposable metal cannula of West Middlesex type. Now, few drips are set up without the use of a disposable cannula. The Intracath (Bard Davol Ltd) has held the field because its excellent needle has made it easy to enter small veins, but the relative ease with which the cutting edge of the needle can shear off a length of the polyethylene cannula, so releasing it into the great veins, is a most serious disadvantage. This accident is most unlikely to happen with a skilled operator, but many infusions are set up by relatively inexperienced housemen. When it is remembered that thoracotomy and even death (Bennett 1963) have been the price paid by some patients, it is clear that severe restrictions must be placed on the use of this apparatus. Our house officers are specifically warned not to use the Intracath, save in young children and those adults who have exceptionally awkward veins. They then take the special precautions illustrated below.
Substitution of a nylon for a polyethylene cannula seems to be a safety measure which is overdue.
The short plastic cannulh -Angiocath (Bard Davol Ltd), Plextrocan (Portland Plastics) and Braunula (Armour Pharmaceutical Co Ltd)have obvious virtues; fracture is most unlikely and they are short and wide, so permitting high flow rates of blood. However, before they are found easy to insert some practice in the technique of insertion is needed.
We have used the Macgregor (1960) needle and would employ this ingenious device more often if insertion did not entail scrubbing up and putting on sterile gloves and gown. A scalp vein needle placed in a small vein on the dorsum of the hand can be of great value when electrolyte infusions are needed by patients with no other visible or palpable veins.
Choice of vein: This depends on purpose and availability. During major surgery a wide cannula must lie well in a vein of good size in the upper limb. The cephalic vein in the forearm is widely used: in thin subjects this vein can be entered in the upper arm where it takes a high rate of flow, carries a low incidence of thrombophlebitis and avoids the need for a splint. Use of the antecubital veins should be restricted to emergency venepuncture in the collapsed patient with severe peripheral vasoconstriction, when these may be the only discoverable veins, and sometimes a cutdown is essential. Thanks, however, to the excellence of intravenous apparatus, and time devoted to teaching technique, our Central Supply Department issues only 1 cut-down pack for every 50 giving sets sent out.
There should be a ban on the use of long saphenous vein at all ages. First, flow rates are unpredictable in this long muscular vessel and venospasm can make it very difficult to give blood quickly when it is needed. Second, immobilization of a leg is undesirable. Lastly, McNair & Dudley (1959) have shown clearly the very high incidence of complications when this vein is used.
Use of the subclavian vein has recently been advocated, especially in hypovolkmic shock.
Unfortunately this route carries a definite risk of producing an accidental pneumothorax. It seems wrong to add a complication of this magnitude to a situation which is already serious.
The use of caval catheters has probably diminished over the years, as their dangers have been recognized. The essential indication for this route has not changed since the method was introduced in 1954 by Russell and his colleagueswhen the nourishment of a patient who cannot eat depends on the infusion of a markedly hypertonic fluid, it must be delivered into a great vein where it will be immediately diluted. The fact that isotonic intravenous fluids must be given over a considerable number of days does not justify the use of an easy but potentially dangerous route. Indar (1959) and McNair & Dudley (1959) have shown clearly the high risk of development of septic thrombosis on a caval catheter, especially in severe surgical sepsis.
On the rare occasions when we set up a caval drip we prefer to use the upper limb because it is easier to keep the wound clean and dry than in the thigh or groin. The insertion of the catheter (Portland Plastics Ltd: Intravenous catheter, 48 inches, FG5) is invariably performed in an operating theatre, with full surgical discipline, by an experienced operator: we lay down strict rules for nurses when changing bottles.
Infants: Good intravenous technique is essential in the practice of pediatric surgery, and is never more important than when operating on the newborn or on babies. A freely-running infusion must be available during a major procedure and in the past this has been provided by cutting down on the long saphenous vein. This has the virtue of being easy to find and to cannulate but the disadvantage that it can rarely be entered by a needle and is awkwardly sited for everyone during abdominal surgery. If venepuncture can be achieved this avoids tying off a major vein and we have found that venepuncture is possible in a majority of babies. The veins on the dorsum of the hand are surprisingly large in infancy and it is often possible to introduce a 17G Intracath. The technique illustrated (Figs 1 and 2) is safe and reliable and saves many cut-downs: for this reason alone the manufacture of Intracaths should continue. When a cut-down is needed, in premature and in chubby babies, we try to enter the cephalic vein just proximal to either the wrist or elbow, where its site is fairly constant. If it is not found, we fall back on the median cubital or basilic vein. Small sharp instruments held in readiness on a pre-packed autoclaved tray are a great help.
Use of the scalp veins of infants continues unabated. They are most suitable for short-term infusions up to twenty-four hours, and are of great value to anmsthetists. The Abbott scalp vein set (Abbott Laboratories) is an excellent piece of apparatus which greatly facilitates entry.
The use of the umbilical vein as a route for infusion of the newborn is convenient but dangerous. Scott (1965) performed 92 postmortem examinations of babies who had received infusions of levulose and of sodium bicarbonate via the umbilical vein: 6 showed a spreading thrombosis of the vein within the liver, 6 babies had pulmonary emboli and 3 had umbilical vein phlebitis with septic emboli. This is not a route to be used save for short-term injection of blood on the operating table.
The injection of fluids into infants needs careful management and for continuous infusion the Capon Heaton infant set gives excellent control. The essence of the management of blood replacement during infant surgery is accurate measurement of loss leading to minute-to-minute maintenance of circulating blood volume. We place a 3-way tap and tubing (Pharmaseal Laboratories: Catalogue No. 5520) on the proximal side of the When the cannula has been secured in the vein with Nobecutane sprayed around the wound and cannula, and with strapping, the spatula is turned back along the forearm and used as a splint 5 73 74 Proc. R. Soc. Med. Volume 60 January 1967 6 intravenous cannula. In this way the tap can lie beside the anesthetist's hand and he can inject blood with a syringe, or depend on gravity drip, as he wishes.
Complications: With careful selection of patients and methods, and with good technique, the more serious complicationsloss of a catheter in the venous system and septic thrombosis associated with a caval catheter -can be largely avoided.
Thrombophlebitis remains as a far less serious but infinitely commoner event which mars the convalescence of many patients. There is clear evidence (Jones 1957 ) that thrombophlebitis is due to a chemical irritation of the vein: infection, trauma and the type of cannula used are not major factors.
The chemical irritant can be the soluble plasticizer used during manufacture of the tubing of the giving set: the Medical Research Council Subcommitted Report (1957) showed that the frequency of thrombophlebitis was halved by changing from red rubber to plastic giving sets. The polyvinyl tubing currently used is probably the most inert that is available for a cheap massproduced plastic giving set.
The second source of chemical irritation is the infusion fluid itself. The chief culprit is unfortunately the solution most widely used -5 % dextrosewhich, after pressure steam sterilization, has a pH of about 4-0. It is not surprising that prolonged exposure of tissues to such a solution should be followed by an inflammatory response; in a recent survey, 25 % of our patients receiving an infusion of 5 % dextrose for more than twenty-four hours had a severe thrombophlebitis. The prevention of this common and uncomfortable complication can be approached along several lines:
(1) It was pointed out by Bolton Carter in 1951 that infusions lasting less than eight hours do not cause thrombophlebitis. It is, in fact, very unusual in drips lasting up to twenty-four hours, but once this period is exceeded the incidence rises quickly. Therefore, strict limitation of infusion time should be observed.
(2) A wide vein which receives blood from many tributaries, such as the cephalic, is less liable to thrombophlebitis than a smaller vein.
(3) We have found that the addition of 5 mg hydrocortisone to each flask of 5 % dextrose will more or less abolish thrombophlebitis even when infusions run for much more than twenty-four hours.
(4) Dextrose solutions can be brought nearer to neutrality by the addition of a buffer or by sterilization by filtration instead of the autoclave. Both methods achieve a pH of 6 0-6-8. The effects of adding a buffer have been variously reported but Elfving & Saikku (1966) suggest that this is worth pursuing.
